HE STAINING
OF LIPIDS attached to serum proteins (lipoproteins) following their separation by paper electrophoresis has been a point of much discussion and investigation in the last few years. The problems involved have concerned the dye to be used, the reproducibility of the method, and the interpretation and possible quantitation of the results. Although now there is good agreement in that the dyes of choice are Sudan Black B (or its acetylated derivatives) and Oil Red 0, the tecimics for use of these dyes leave much to be desired, and the subsequent problems of interpretation and quantitation are still not adequately solved. In the course of investigations into the changes in the serum proteins and their conjugates in diabetes mellitus and in atherosclerosis, considerable attention was devoted to the development of a reproducible technic for staining lipoproteins after electrophoretic separation on paper. This technic uses Sudan Black B dissolved in a mixture of alcohols and has already been shown to be reproducible in two different laboratories.
A discussion of the method and some of its attributes are presented in the following discussion. (1) and standardized by the authors (2). Filter paper in strips 4 cm. wide was used. A volume of 0.01 ml. of serum was applied to the paper bridge at 2.5 cm. of the cathode side of the midpoint.
At the end of the electrophoretic separation (15 hours) the strips were dried at room temperature.
They were then stained with Sudan Black B1 according to the procedure discussed below. The reading of the stained strips was performed on a Spinco Analytrol or on a Photovolt densitometer
Model 525 and the areas obtained calculated by means of a planimeter.
Areas in square centimeters have been used as conventional units for quantitation.
There was no attempt made to differentiate between chylomicrons or any of the different classes of $-lipoproteins on paper, e.g., slowmedium, and fast-moving components of Raynaud (3) . An extra band migrating with the 2-globulins was often separated but the inconsistency of the corresponding area prevented its inclusion in the calculation of total areas and the relative percentages of the two major -and $-lipoprotein fractions.
PROCEDURE
A saturated Sudan Black B dye solution was prepared as follows: 0.1 Gm. was dissolved in each 100 cc. of a solution consisting of 30% methanol, 30% isopropanol, and 40% distilled water. This mixture was brought just to a rolling boil, cooled slightly to permit handling of the container, and filtered twice through Whatman No. 1 paper. Best results are obtained when the dye is freshly prepared prior to staining and is used only once.
The wash solution was 30% isopropanol in distilled water. Following completion of the electrophoretic separation, the paper strips (Schleicher and Schuell 2043 A or Whatman No. 1) were dried horizontally at room temperature for a minimum of 4 hours before staining.
Although many investigators state that the paper strips should be dried in the oven, equivalent areas have been obtained for stained lipoprotein fractions when dried at room temperature. The dried strips were stained for 2 hours at 40#{176} or at room temperature in a covered dish containing the saturated dye solution. It was found necessary to use about 250 cc. of the dye solution in each dish containing 2 or 3 strips in order to avoid precipitation of the suspended dye.
At the end of a 2-hour staining period, the strips were transferred immediately to a similar dish containing 200 cc. of 30% isopropanol for each 2 strips. They were held gently in the dish when used solutions were poured off and fresh wash liquid added. Thus, each pair of paper strips was put through 6 successive 5-minute baths. The stained and washed strips were then dried horizontally on glass plates which were kept in the dark overnight since sunlight causes blanching of the dye.
RESULTSAND DISCUSSION

Procedures
for staining the lipoproteins inevitably are rather empirical due to the number and interdependence of the factors affecting the methods. Many of the variables affecting the procedure described above may be explained best as factors influencing the final uptake of dye between the alcoholic solution and the lipid complexes retained on the paper. Some of the variables may influence the extent of the loss of the lipid material into the alcoholic solvent. An experimental knowledge of the conditions chosen helps in reproducing the results.
A comparison between a number of published (4, 5, 6) and unpublished (7) methods using Sudan Black B was first established. From Table 1 it can be seen that every method tried resulted in a different uptake of dye by the lipoproteins of human serum. The highest uptake, particularly by the -lipoproteins, was provided by Peterson's second procedure (7) . This was confirmed when dog serum (highlipoproteins), and purified human lipoproteins2 were used. Peterson's second method was therefore adopted as a starting point for further investigation.
No explanation is known for the more favorable results given by the methanol-isopropanol mixture. Staining of the separated dried strips has been tried for periods of time ranging from one-half to three hours. The data indicate that the maximum dye uptake is achieved at the end of the first hour. How- ever, a prolongation of the staining period to three hours does not affect the size of the resulting areas.
Temperature is inversely related to both the uptake of dye and to the adsorption by the supporting paper. If staining was carried out at 4#{176}, the resulting areas were larger than those obtained at 40#{176}. However, an increased amount of dye was also absorbed by the paper resulting in unreliable base lines for the densitometer reading. Best reproducibility from day to day with the serum was obtained with a 2-hour staining period at either 22#{176} or at 40#{176} (± 0.5). Saturated and half-saturated solutions were also tried and in all experiments the uptake of Sudan Black B was highest for the saturated solution.
The ideal goal of the washing would be the obtaining of an unstained paper without loss of stained material.
If the 50% alcoholic 'For corresponding groups of 8 strips.
mixture proposed by Swahn (5) was used, the paper was not stained appreciably, but a marked decrease of the resulting areas became evident, especially for the c(-lipoproteins.
Using progressively lower concentrations of isopropanol, a bath of 30% of isopropanol was finally found to preserve optimal retention of the dye by the lipids, even though Sudan Black B was not completely removed from the paper. The minimal background remaining did not influence the results obtained either by elution or by densitometry.
Swahn has suggested that the total volume used for washing did influence the resulting areas. Table 2 shows that optimal uptake of dye is best preserved with 6 washings, each of 5 minutes duration.
The areas of both -and $-lipoproteins have been shown to vary disproportionately depending upon the variables studied. Thus, an estimation of experimental or clinical results is best based on areas than on relative percentages.
If percentages only are considered, the larger areas obtained for the $-fraction tend to hold constant the percentage and minimize the importance of variations in the smaller a-fraction.
Using the areas, the method described above has been 
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shown to have a precision of ± 1.0 for the $-and ± 0.5 sq. cm. for the -lipoproteins. Finally, the proportionality of the uptake of dye has been studied with progressive amounts of human serum, i.e. 0.005, 0.01, 0.02, 0.03, and 0.04 cc., respectively.
It was found that a straight line relationship was obtained either by elution or by scanning up to the areas approximating 17 sq. cm. (Fig. 1) . The scanning was checked at the time with a Photovolt densitom-eter Model 525 and with a Spinco Analytrol (at 430 and 600 ms). The fi-and a-fractions appeared to take up the same amount of dye since elution studies showed that the lines of both fractions plotted separately were parallel.
The line of the total stainable areas could be superimposed on the sum of the two separate lines. Pathologic sera with elevated total lipids are characterized by increased amounts of $-and decreased quantities of x-lipoproteins. If the volume of serum to be applied on the strip has to be diminished to bring the resulting $-peak within the range of proportion, no a-fraction can be detected.
A second strip with higher quantities of the same serum should be run before concluding there is a disappearance of the a-lipoprotein fraction.
SUMMARY A reproducible
technic is presented for the staining of lipoproteins on paper. This method gives a greater total uptake of dye than previously described procedures, especially by the a-lipoproteins. The staining is accomplished with a solution of Sudan Black B in a mixture of methyl and isopropyl alcohols and the excess dye is removed by wash solution of 30% isopropanol.
